Objective: The aim of this study was to assess the attitudes and opinions on the potential use of whole-genome sequencing (WGS) in conjunction with the traditional newborn screening (NBS). We conducted an online survey among pediatricians and geneticists from Bulgaria. The study was based on the concept of non-selective WGS for all newborns and analysis of all genes. results/conclusion: In total, 120 out of 299 invited participants completed the survey, with an overall response rate of 40.1%. While half of the pediatricians surveyed supported population-based non-selective WGS in NBS, 65.2% of the geneticists expressed concerns. Most participants underlined that ethical issues were as important as medical ones and called for a stricter protection of affected individuals against any abuse of their personal data. Extensive genetic counseling and psychological support to families were mentioned as key elements in this potential activity. Nevertheless, both pediatricians and geneticists considered that NBS in Bulgaria could be further developed, with selective WGS being suggested as a potential option. While nonselective WGS for all newborns is not currently perceived as feasible, pediatricians and geneticists do believe that selective WGS could strengthen current NBS programs. Cross-border project collaborations may set the stage for generating experience and evidence on these complex issues.
is currently taking place in many jurisdictions (3) (4) (5) . There are, however, considerable concerns among health-care practitioners, including limited benefit of WGS for most healthy people in the general population, lack of expertise among non-genetic health-care providers, potential negative implications for society and scarce economic resources (6) (7) (8) . It is clear that there is a gap between what is technically possible and the clinical services available. The rate at which new disease genes are being identified is out-pacing the ability of medical professionals and health authorities to assess the potential risks and benefits of introducing WGS in NBS (9) .
In Bulgaria, NBS started in 1979 and included testing for phenylketonuria and galactosemia. The latter was removed from the panel in 1989 due to lack of effectiveness. A pilot NBS for congenital hypothyroidism was carried out in 1993-1999 as a joint Swiss-Bulgarian research project. The current NBS panel in Bulgaria includes phenylketonuria, congenital hypothyroidism, and congenital adrenal hyperplasia, and it is mandated by law and publicly funded (10, 11) .
Objective
The purpose of this study was to assess the attitudes and opinions of pediatricians and geneticists on the potential use of WGS for NBS in Bulgaria.
MaTerials anD MeThODs

Definitions
This study is based on the concept of non-selective WGS for all newborns and analysis of all genes. This definition of WGS was presented to all study participants and included in the subsequent discussion of the results.
study Design
Scope and format of the study were based on previous experiences by Ulm et al. and Joseph et al., as well as on the outcomes of an evaluation study of NBS for rare disorders in the Member States of the European Union (EU) in 2012 (5, 12, 13) . The survey questionnaire consisted of 20 questions. Each question contained a free text field for providing additional information, if desired. Before starting the questionnaire, participants were given brief definitions of WGS and NBS. The questionnaire was piloted among a small group of medical professionals for input regarding clarity. The study was conducted through an online survey in March-April, 2017 in Bulgaria.
Ethical approval was not required for this study in accordance with the national and institutional guidelines. The survey was sociological from a methodological point of view, with no clinical research. No personal data were saved or analyzed.
study Participants
Study participants included geneticists and pediatricians from Bulgaria. Selection of these target groups was based on the stateof-art of NBS in Bulgaria, as well as the perspectives of implementing WGS in the country. These medical professionals are currently involved in NBS and in the subsequent diagnostic confirmation, treatment, and follow-up of detected cases. Geneticists and pediatricians would be required to be actively engaged if WGS was incorporated into NBS in Bulgaria.
A convenient sample of participants was recruited from the membership of the Bulgarian Society of Human Genetics and Genomics and the Bulgarian Pediatric Association with publicly available email addresses. A total of 299 individuals were contacted by email to participate in the survey with an invitation letter describing the study. No incentives for participation were provided.
Data analysis
Descriptive statistics were applied. Comparisons were made between different demographic variables to determine if they were associated with specific outcomes. Analyses specifically focused on the differences between pediatricians and geneticists. Chi-square and Fisher's exact tests, as well as Mann-Whitney U-test were used to compare these two groups. Statistical significance was considered if the p-value was less than 0.05. Data were analyzed using SPSS (version 11.5; SPSS, Inc., Chicago, IL, USA).
resUlTs
Profile of survey respondents
In total, 120 out of 299 invited participants completed the survey, with an overall response rate of 40.1%. Seventeen respondents indicated no medical specialty, so they were excluded from further analysis. Mean professional experience of the participants was 21 years with 54.4% of them having a Ph.D. degree ( Table 1) . The majority (89.3%) indicated a clinical role in a primary professional position, with 80 having a specialty of pediatrics (general pediatrics and/or profiled pediatrics) and 23 a specialty of genetics. Half of the respondents (53.4%) reported having a second specialty. Fifty-one pediatricians had a second, profiled specialty, as did four geneticists, who had a second specialty of pediatrics. Nevertheless, the latter were classified as geneticists for the purpose of cross-comparison. The groups of pediatricians and geneticists were found to be similar in terms of sex, age and professional experience ( Table 1) .
Knowledge and awareness of nBs and Wgs
Half of the participants (54.4%) indicated a maximum level of knowledge on NBS on a self-assessment scale, while only 21.4% reported highest level of awareness on WGS. The difference between pediatricians and geneticists was statistically sign ficant in both cases (Figures 1 and 2) . This was especially pronounced in regard to WGS, with 15 out of 23 geneticists declaring highest level of knowledge in comparison to only 7 out of 80 pediatricians. The split in self-assessed knowledge of NBS and WGS reflected on the question whether WGS could be implemented as an adjunct to NBS in Bulgaria (Figure 3) . Whereas 25.0% (n = 20) of the pediatricians responded, they could not decide about this issue, all geneticists clearly indicated their opinion here. Only 34.8% (n = 8) of them supported the feasibility of WGS in NBS, while the rest opposed it (65.2%, n = 15). On the other side, pediatricians Table 2 ). The fact that most of the WGS data could not be directly linked to a specific role for the individual's phenotype and development, thus generating lots of uncertainty and ambiguity, was emphasized. A large number of both groups raised the ethical issues that may occur, including the possibility of WGS data being used to the detriment of the individual. While high costs were rarely discussed, many participants mentioned that at this moment no country routinely used WGS as a part of NBS. Nevertheless, both pediatricians and geneticists considered that NBS in Bulgaria could be further developed, with selective WGS being suggested as a potential option by a large number of respondents.
Pediatricians and geneticists largely agreed on their assessment of WGS's potential benefits (Figures 4 and 5) . WGS was seen as especially helpful for early diagnosis and treatment. Nevertheless, a stable scoring pattern was observed with pediatricians giving higher ratings than geneticists. The same outcome was observed when respondents were asked to evaluate WGS's overall benefits in specific cases. The two groups agreed on the benefits of WGS in scenarios that are medically actionable, specifically for detection of treatable childhood-onset and treatable adult-onset conditions, as well as carriers and genetic markers. Statistically significant disagreement occurred in cases that are not medically actionable-childhood-onset non-treatable (p = 0.0427) and adult-onset non-treatable (p = 0.0038) conditions, as well as unknown phenotypes (p < 0.0001) ( Figure 5 ). 
G14: "I do not consider WGS in NBS to be an important issue at the present moment. WGS in mass NBS is not feasible."
P6: "This could lead to serious psychological problems for the child and the family. They could be subject of discrimination." Table 3) . Across both groups, 44 respondents (42.7%) believed that WGS should not be mandatory and must be available only upon parental request. While the majority of pediatricians indicated that WGS should be a mandatory or highly recommended service in this hypothetical case, most geneticists supported its use only upon request or in the presence of specific symptoms (p = 0.0197). This position was further reflected in the free text comments ( Table 2) . A geneticist pointed out that neither the projected high costs nor the inability to correctly interpret all WGS results are the main obstacle. It was the impact on the individual affected and his/her legitimate right not to know what genetic information he/she is carrying.
G12: "WGS has its own potential in medicine. But at this moment, this will generate more questions than answers. In the context of assessing and predicting individual's health, we are not ready to interpret correctly large-scale data like these."
P7: "WGS should not be the future of medicine, WGS must be the present."
P8: "In my view, WGS is still too costly to be used extensively. Its application should be carried out in the neonatal period in case of suspicion of a genetic disease (clinical symptoms or high family risk). The decision must be discussed with the parents and WGS should take place only upon informed consent."
P9: "I think this is a very good idea for a survey. Nevertheless, I believe for the time being we need more precise genetic diagnosis for certain severe chronic diseases where treatment depends on the genetic mutation. At a later stage, this could be done along NBS and provide an individual prognosis for each child. But for now it brings me ideas of fiction novels with many extreme, undesirable outcomes."
G5: "Only a very small portion of WGS results could be categorically interpreted at this moment. The rest falls in the so called gray zone with no use in clinical practice. Of course, our knowledge and understanding increase by each new case studied. But this should be done within research projects, not along mass NBS. My opinion is completely different about genome sequencing for known mutations, which I strongly support."
The respondent stressed that WGS in NBS is effectively taking this power away from the person with no clear benefits in return. A strong consensus was observed on the funding issues. Eighty-one respondents (78.6%) agreed that WGS should be initially funded through research projects and subsequently by public funds if substantial public health benefits are demonstrated ( Table 3) . There was no clear consensus among pediatricians and geneticists regarding the disclosure of results. While 75.5% (n = 60) of pediatricians believed that all WGS results should be disclosed, no option was supported by a majority of geneticists (p < 0.0001). Only 26.0% (n = 6) of them indicated that all results should be disclosed. Furthermore, many of the geneticists surveyed explained in the free text field that this process should be a result of extensive genetic counseling ( Table 2) . With regards to the use of WGS data for additional research purposes, a general consensus was reached, as 69.9% (n = 72) declared that additional research was only appropriate if informed consent was given. In case of WGS being implemented apart from NBS in Bulgaria, this activity was found to be most appropriate to conduct at birth, 65.0% (n = 67), and in case of specific symptoms, 20.4% (n = 21), with 70.0% of pediatricians and 47.8% of geneticists supporting the first option (p > 0.05).
The final section of the questionnaire aimed to describe the personal attitude of the respondents. A clear majority (71.8%, n = 74) would consent to their own newborn undergoing WGS, with no significant difference between pediatricians and geneticists (p > 0.05) (Figure 6 ). Most common reasons for yes included the benefits of this procedure and WGS seen as the future of medicine. Most common reasons for no were the absence of a clear need for this service and the possible ethical issues arising.
DiscUssiOn general attitudes on Wgs implementation alongside nBs
There is an ongoing debate regarding the role of WGS in NBS, but large-scale research activities, such as the USA's Precision Medicine Initiative and the UK's 100,000 genomes project, could lead to a reconsideration of WGS in all fields of medicine and health care. Respondents in our study admitted that WGS in NBS is hard to imagine in a small country with limited resources like Bulgaria, before this activity becomes commonly accepted and routinely applied in bigger jurisdictions. A geneticist commented that he/ she does not see WGS in NBS being implemented in Bulgaria in the next 10 years. Nevertheless, all participants agreed that such a survey is needed in order to set up the stage for further research, as well as to dismiss uncertainty and speculations. As the issue of WGS in NBS is going to be raised more and more, the insights from our study could be highly beneficial at regional and European levels.
Previous studies extensively presented geneticists' , genetic counselors' , and parents' perspectives, as well as general public views on WGS in NBS (5, 12, (14) (15) (16) (17) . To our best knowledge, our survey is the first to explore and cross-compare opinions of pediatricians and geneticists. This fills a substantial knowledge gap. There is no doubt that geneticists have a leading role in WGS. However, when evaluating the prospects of WGS in conjunction with NBS, pediatricians represent an important stakeholder whose views must be considered and taken into account. The opinion of pediatricians is crucial, given the fact that they would be exclusively involved in treatment and follow-up of all potential patients.
The demonstrated lack of clear consensus on whether WGS should be incorporated into NBS illustrates that there is a need for discussion and collaboration among all stakeholders before any major changes are being implemented. A recent study indicated that the vast majority of the American geneticists feel that WGS should not be currently used in NBS, and that if it to be used, it should not be mandatory (12) . This attitude was greatly shared by geneticists from our sample. Pediatricians, however, had a rather different point of view. It is unclear if this difference is a result of the different level of expertise in WGS or it is because of the unique role of pediatricians in the treatment and follow-up of children. In our study, this specific group of respondents saw WGS benefits more positively in cases of non-treatable conditions than geneticists. So, a desire to manage the at-risk children might have been the basis for the discriminatory viewpoint.
crucial Points for consideration of Wgs implementation alongside nBs
Ethical issues were the most commonly cited concerns by geneticists and pediatricians in our study. While participants greatly believed WGS and precise medicine are the future, a considerable number expressed disquiet about a number of potential risks, including discrimination, psychological stress, and invasion of privacy. One respondent stated his/her full support for the progress of medicine, but explicitly underlined that, as a person, he/she strongly favors patients' right of autonomy and parents' power not to consent even if WGS is made part of NBS. Bioethicists have been long exploring the friction between the new genetic and genomic technologies and the principle of respect for autonomy. As these services are becoming more and more routine, this demands a rethinking of traditional interpretations of the concept of informed consent (18) . WGS implementation will trigger a more individualized and differentiated set-up for counseling and informed consent. Greater involvement of parents will require development of targeted educational strategies and outreach messages (17) .
Potential discrimination was raised as a problem by our survey participants. One geneticist alerted to such dangers and the negative impact on societal acceptance and overall trust in health systems. A number of patient advocates have expressed concerns that clinical use of genetic technologies may reinforce and perpetuate stigmatization and discrimination in both medical and social contexts (19) . A pediatrician from our research even pointed out stricter regulations as a prerequisite for a WGS application in NBS. In reality, ethical considerations are likely to dominate this debate, as WGS costs continue to reduce. Economic issues were barely mentioned as a crucial point for WGS implementation in NBS in Bulgaria.
Nevertheless, costs would be a major concern in any country intending to implement WGS use in NBS. Researchers recently evaluated the budget impact of WGS in Germany for all newborns and for diagnostic investigation of tumor patients in different oncologic indications. WGS in NBS was found to lead to costs of € 2.85 billion (an increase of total expenditure by 1.41%). Potential savings in terms of reduced costs for follow-up and improved cost-effectiveness of treatment were not quantified due to the fact that such estimations should be subject of indicationspecific evaluations. Even so, this study concluded that WGS has the potential to generate a substantial number of deterministic findings for which treatment options are limited. The authors recommended the selective use of WGS, namely focusing on indications for which WGS has proven medical evidence, and thus saving public health resources (20) .
Prospects for selective Wgs screening
While there is significant number of objections about nonselective WGS for all newborns, selective WGS screening has been almost unanimously endorsed by previous studies. Cost analysis demonstrates that this procedure could be cost-effective and result in improvements in expectancy and quality of life for affected infants (12) . Most recently, experts in genetics, pediatrics, public health, and health policy issued a joint statement, containing a set of recommendations to help inform and guide scientists and clinicians, as well as policy makers regarding the necessary considerations for the use of genome sequencing technologies in NBS. It was stressed that the main objective of NBS should be the targeted analysis and identification of gene variants conferring a high risk of preventable or treatable conditions, for which treatment has to start in the newborn period or in early childhood (21) . Any change in the goals of NBS programs should be discussed carefully and represent the best interests of the child (3, 22) . Opinions expressed by our study's participants were consistent with those NBS policy benchmarks. Moreover, both geneticists and pediatricians supported expanding NBS with selective WGS for specific disorders, provided that broad societal consensus is reached and project funding is allocated.
Selective WGS embraces the same concept as NBS: to be predictable, preventive, and personalized. This activity will represent a step-increase in NBS, leading to opportunities for early detection, better management, and effective treatment throughout someone's life, including late-onset disorders (23) . Improved diagnostic capacity is of paramount importance in fields like rare diseases for example. Selective WGS in NBS; this could eliminate the need for an otherwise expensive diagnostic odyssey, by substantially decreasing extra referrals and psychological stress for patients and caregivers (12) .
In our study, respondents suggested project funding and cross-border partnerships as optimal settings for launching selective WGS in NBS. European reference networks (ERNs) for rare diseases, which started in 2017, are a recent illustration of such collaborations (24, 25) . ERNs are offering, in fact, a unique chance for advanced genetic and genomic approaches. These networks possess sufficient infrastructure and resources
